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Introduction
There are at present two fundamental schools of thought when it comes to accounting for the behaviour of unemployment. In one, the focus is on the determinants of the long run equilibrium level of unemployment. In the other, the focus is on movements of unemployment between equilibrium, so it emphasises unemployment persistence.
Dynamic econometric models include both of these ingredients of course, but what we focus on this paper is the relative emphasis which is placed on each as the major explanation of the behaviour of unemployment. In models with emphasis on equilibrium unemployment, transition between different equilibria is usually only a modest part of the explanation of unemployment. Instead, the emphasis is on the determinants of and the movements in the equilibrium itself. Recently these determinants have included the increased generosity of unemployment benefits and the increase in trade union power as specific factors raising equilibrium unemployment in the late 60s and early 70s. Additional factors adduced for further rises in equilibrium unemployment subsequently are the commodity price rise in the mid 70s and early 80s, and the shift in demand against unskilled workers more recently (See Nickell (1998) and Nickell and Bell (1995) . These examples bring out the key features of equilibrium analysis: The main changes in unemployment can be accounted for by changes in its equilibrium rate -where these changes depend on the sort of factors just described. It is probably fair to say this is the standard, or most generally used, model of unemployment at least in the UK. Examples abound, and includes the highly influential book by Layard, Nickell and Jackman (1991) .
Other dynamic models place emphasis upon the processes of getting from one equilibrium to another. In the limiting case of pure hysterisis, a temporary shock moves the equilibrium level of unemployment permanently. Intermediate models placing stress upon the dynamics of adjustment are predicated on there being long, possibly very long, periods of adjustment to shocks, due to the variety of adjustment delays typically found in an economy like the UK. See Alogoskoufis and Manning (1988) , Henry and Snower (1996) , and Henry, Karanassou and Snower (1998) .
In the rest of the paper, we describe the first model as an "equilibrium" model, and the second as a "persistence" model of unemployment. This terminology is a short hand and is used for convenience only: the equilibrium model allows for persistence, and the persistence model has an equilibrium as we have already noted. But in terms of capturing the relative emphases placed on equilibrium changes versus the movement between equilibrium, the labels we use are probably adequate.
In the main, this paper is directed at empirical tests to judge between the two models. The results are specific to the class of alternative empirical applications we use, which are advanced because they are indicative of the general issues involved, and concentrate on recent examples proposed by Nickell (1998) , and Carruth, Hooker, and Oswald (1997) , amongst others.
Compared with the paper by Henry, Karanassou and Snower (1998) on a related aspect of this question, the present one is concerned with econometric questions which arise in distinguishing equilibrium and persistence models of unemployment. In their paper they consider how different counterfactuals for shocks can, in a labour market model with high persistence, produce long lasting responses in unemployment. Our concern is to provide some tests between models which emphasise movements in equilibrium on the one hand, and models with emphasis on persistence on the other.
An important part of the paper is concerned with the time series behaviour of unemployment and its determinants. Unemployment may be I(1), or I(0) with temporary mean shifts, or fractionally integrated of order d, ), (d I where 0<d<0.5 gives a stationary process, and 5 . 0 ≥ d a process which is non stationary. 1 Fractionally integrated processes are strongly dependant processes and their autocovariances die away slowly. The process may exhibit very considerable persistence following a shock (Gil Alana (1998) ). Although of considerable potential in unemployment applications, we will concentrate on the former two cases; the I(1) and I(0) with temporary mean shifts, as we will be arguing that these provide important clues to unemployment changes over the last 20-30 years. Specifically, in this paper we draw attention to the issues of misspecification of unemployment models if unemployment is treated as I(1) when, we argue, it is actually I(0) with temporary (but long lasting) mean shifts (I(0) MS for short). Thus, if unemployment is treated as I(1) with a stochastic trend, then other stochastically trended variables are needed to account for it. Oswald (1998) for example, argues that the missing piece of the unemployment "puzzle" in Europe is a home ownership variable which, coupled with other supply side variables, explains the "trend" in unemployment. There are other examples where additional variables are regularly added to unemployment models to account for this trend. (See section 4 below). The common feature is that these models seek to account for unemployment by movements in its equilibrium and this equilibrium is largely determined by supply side variables. However, there is now abundant evidence of structural (i.e. parameter) instability in equilibrium models. (See Coulton and Cromb (1994) for a detailed review).
Suppose, however, that unemployment is actually I(0) MS, so that when the labour market is hit by temporary real shocks (i.e. shocks which are reversed after an interval), as the economic processes determining unemployment are subject to long lags (due to hiring/firing costs on employment, insider effects on wage setting, exclusion effects on participation, etc), unemployment (U t ) may appear to be a non-stationary I(1) process over periods as long as 20 to 30 years. Two things then follow. The first is that it is difficult to establish whether U t is I(1) or I(0) with temporary (but long lasting) mean shifts and a near unit root. This reflects the well known lack of power in establishing orders of integration, and need not detain us long. We will expend some efforts in identifying the order of integration for U t later, however. The second point is that if U t is I(0) MS in our sense, then where it is treated as I(1), the resulting cointegrating models will be misspecified. This misspecification can take a number for forms. The I(1) model can be expected to be unstable in parameters (structurally unstable), a feature already alluded to. An additional problem is that models with a large number of regressor variables risk not being true reduced forms for unemployment. Regressor variables may not be weakly exogenous. In principle, this does not raise insurmountable problems, but the joint determination, and causality structure of the complete set of variables needs to be modelled in an explicit vector framework. We illustrate both problems in the empirical section below.
1 By stationarity we will mean that the process has ∑
where j γ is its jth order autocovariance, and is mean reverting. 2 In what follows we ignore other forms of non-stationarity, and concentrate on the stochastic trend case only.
The aim of this paper is illustrative. It takes selected examples, so does not give a general econometric analysis. But it does aim to show that the alternative model -of long persistence, with little change to the underlying equilibrium -may characterise UK unemployment, and this may be one reason for lack of success with equilibrium models.
The supposition that the levels of observed unemployment over the last couple of decades are largely the result of very slow moving responses of unemployment to temporary shocks, runs into one obvious problem. In the late 1990s, unemployment fell rapidly, from about 11 percent in 1986 to just under 6 percent in 1990. Inflation rose rapidly over the same period, almost doubling by the end of 1980s. Hence, according to the equilibrium approach, there is clear evidence here that the NAIRU was breached, so that values of about 5-6 percent for the NAIRU seem appropriate. Again, a more subtle argument can be deployed to re-instate the persistence model. With a capital constraint on employment then there will be a 'short run' NAIRU which is higher than the genuine equilibrium unemployment rate in the economy. (See Allen (1997) ). In the first half of the 1980s, investment growth had been subdued, so it is plausible to argue that the rapid growth in aggregate demand in the second half of the decade produced employment increases at higher wage rates then would otherwise have been needed, so both rapidly falling unemployment with increasing inflation followed. However, the counterfactual of a more modest growth in aggregate demand in the second half of the decade could have been sustainable, and in time would have led to increased investment and lower unemployment, (although still higher than actually occurred) and this process could have continued for some years, continuing to lower unemployment without increasing inflation.
The plan of the paper is to refine our distinction between the two models of interest. Then we review briefly the sources of dynamics in the labour market in section 3 as a way of motivating the models of unemployment that are estimated in section 4. This section also includes an analysis of possible extensions to the preliminary time series analysis of U t . Section 5 then offers tentative conclusions, and pointers for future research.
Unemployment: Equilibria and persistence
As a broad characterisation, the post-war European experience of unemployment can be divided into two periods: the period until the first oil shock in 1973 when Europe enjoyed a "golden-age" of a low inflation and negligible levels of unemployment, and a subsequent period, which occupied the last two decades and had a succession of deflationary episodes, often in response to periods of high inflation, which drove unemployment upwards to levels where it stuck for long periods of time. Thus unemployment peaked at just over 3% in the years between 1945 and 1970, before rising to peak at just over 11% (on the current definition) in 1986. Since then unemployment has followed a pronounced cyclical pattern, and in marked contrast to many other European countries has recently begun to fall to the sort of levels last seen in the golden-age of European growth. See Figure 2 below.
The observation that high levels of unemployment can co-exist with broadly stable levels of inflation implies that either the equilibrium unemployment rate has moved pretty much in line with actual unemployment or else actual unemployment is able to diverge from a relatively constant natural rate for protracted periods of time, with little attractive force and no obvious effect on inflation. One can therefore stylise models of unemployment broadly into two camps: one that stresses the equilibrium nature of unemployment, effectively requiring that unemployment is largely explained by movements in equilibrium unemployment, where this is determined by "exogenous" push variables. There are exceedingly large numbers of examples, but the seminal study is that of Layard, Nickell and Jackman (1991) , and a more recent version is Nickell (1998) . Other models stressing the importance of persistence between unemployment equilibria are given in Alogoskoufis and Manning (1988) , and Henry and Snower (1993) .
In order to bring these differences into sharp relief, consider a reduced form equation for unemployment
where B is backward shift operator, and X is a vector of weakly exogenous variables. The equation is an autoregressive distributed lag (ARDL) one. For the ARDL of order (p,q) between U and X we have
where we assume, as is standard, that the modulus of the roots in (2) lie outside the unit circle, and the error process ), , 0 ( 2 σ ν IID t this can be written equivalently in an error-correction model (ECM) form. Nothing concerning the time series character of the relationship between U and X alters as a result; its equilibrium and adjustment dynamics remain unaltered by this reparameterisation. There may be advantages in estimating the model in one of these forms however. For the present we ignore this.
In this paper, we are mainly interested in the time series properties of U t and X t . Consider the weakly exogenous variables first. The marginal process driving the vector of weakly exogenous X t variables can be specified as So D d goes through a mean shift for the interval of n periods, and then reverts to its original value, at a rate depending on h.
The general model for unemployment given by (1) and (3) which we assess in section 4, then depends on the orders of integration of U t and of the driving variables. In long samples (of say a century or so) U t appears I(0). In many empirical cases using post war data, however, it is, either explicitly or implicitly, treated as I(1). Reverting to (1) and (3), where U t is treated as I(1), then the model uses a set of I(1) variables which cointegrate with U t . Suppose that this set is X 2 then the dynamic reduced form model is
which for convenience we assume has a single cointegrating relation,
where t η is a stationary white noise process. Equation (5) can be reparameterised as an Error
Correction model, with (6) as the stabiliser term. Such a model, treats unemployment as I (1), and accounts for changing mean unemployment with a linear combination of the I(1) variables . '
An alternative is that U t is given by the stationary model,
where 1 t X are the set of I(0) variables with temporary shifting means, as described above in (4), and the roots of (.) 3 θ are close to, but not equal to unity. A long run solution to (7) can be defined by setting the lag operator B=1, but in this case the solution for equilibrium unemployment, U* is a I(0) process subject to mean shifts and, given the postulated dynamics, considerable persistence. 4 It must be stressed that we are consciously taking a limited set of time-series representations in this outline. We have already noted that we do not explicitly allow for multiple mean-shift, non or partially mean shifting driving variables. Moreover, the present paper does not extend into fractionally integrated models, which is an important omission.
There is a fundamental matter at the heart of this distinction. Is high unemployment due to high equilibrium rates, mainly produced by supply side factors, which can only be reduced by direct policy measures? Or is it the effect of very slow responses of unemployment to transitory shocks and which, when these shocks reverse, will correct itself, albeit slowly?
In what follows, we attempt to distinguish these rival explanations. It is not a general analysis, since we rely on specific empirical application. Nevertheless, these are taken to be representative of a fair spread of extent models.
We will argue that a plausible case for representing unemployment as adjusting very slowly to transitory shifts in a small set of exogenous supply and (possibly) demand variables can be made. Furthermore, if this is valid it suggests that representing unemployment as I(1), and hence accounting for its behaviour in terms of sets of I(1) variables with which it cointegrates, will lead to models which are parameter unstable.
Theoretical issues
Before we can decide on what is essentially the empirical question of the importance of shifts in the NAIRU as compared with persistence in accounting for UK unemployment experience, we need a theoretical framework which encapsulates both. To do this, we bring together ingredients from previous studies, including Alogoskoufis and Manning (1988) , (Nickell , 1998 , Nixon (1997), and Bean and Layard (1988) . These papers propose a number of persistence mechanisms including:
(i) Long term unemployment effects (outsider effects) (ii) Insider effects on wage setting (iii) Employment dynamics and capital constraints on employment
To proceed, we analyse these persistence mechanisms in turn.
Long term unemployment effects
Following Bean and Layard (1988), we can model unemployment duration effects by postulating a hiring function
where V, and U are numbers of vacancies and unemployed respectively, and c* is a parameter described below. Assuming the hiring function H is homogeneous it can be expressed as
The variable c* U measures 'effective' unemployment, so that (9) is the exit rate for a person with unit effectiveness. To implement this some structure has to be placed on c*. It is common to assume that effectiveness depends on the duration of unemployment only, hence the short term unemployed (U To see the implications of this for unemployment dynamics, assume that the inflow rate into unemployment is a constant (s). Short term unemployment is given by this period's inflow, U s = s N -1 , where N is the number of employees. Assuming the labour force L (where L = N+U) is constant, it then follows that
and, since total unemployment currently is last period's unemployment plus inflows, minus outflows, then
where the labour force L is assumed constant.
In this non-linear first-order difference equation for unemployment, we can see that the parameter c is a key determinant of dynamic adjustment (persistence). 5 This feature is maintained in what follows.
Insider effects on wages and prices
An extension to the familiar wage equation is to define it as
where Z is the usual shift factor including benefits and demand shocks. Instead of depending on unemployment, here wages depend upon X, broadly interpreted as the chances that a person with unit effectiveness will find work. The presence of lagged employment in g (.) captures insider effects. Next, it can be shown that for each firm (indexed by (i)), the price setting relationship is of the form
where η is the price elasticity of demand. Assuming Pi = P, Ni = N/n where n is the number of firms, (11) and (12) combine to give
Equations (10) and (11) capture long term unemployment and insider effects on the evolution of unemployment. We consider the long run and dynamic implications of this part of the model in the next section.
Dynamic analysis of wages and long term unemployment
Linearising (10), (11) and (14) around their long equilibrium, and eliminating X gives This definition of a is of importance, since, if insiders are powerful a will be large, but if outside factors dominate, a will be small.
As is evident unemployment in this model is a second-order autoregressive (AR (2)) process. Thus the reduced form for U implied by (15) is
an AR(2) process for U t , depending upon demand and wage push shocks. It follows that this model, though obviously very limited (and we go on to discuss extensions below), can be tested. In particular the dynamic representation and the probable composition of Z may both be tested in a time series framework. What is also interesting from the point of view of the distinction between equilibrium and persistence is that (16) explicitly has both. Thus, long run (steady state) equilibrium U (U*) occurs when U* = b Z* where Z* is a steady state for the Z vector in (16). In turn, persistence depends on the size of the roots in AR (2) process.
This suggests empirical implementation can proceed by estimating an autoregression in U t dependent on Z t or by reparameterising the model as an ECM with the long run equilibrium relationship between U t and Z given by the cointegrating vector between them (assuming one exists). We discuss this further in section 4 below. As is evident from the model so far, only a limited number of persistence mechanisms are involved, so its policy implications are limited. The subsequent sections indicates how this simplified framework may be extended.
Employment dynamics and capital constraints
Employment is unlikely to adjust instantaneously to shocks, which means that employment dynamics are another potentially important source of persistence. There are various reasons why employment might not adjust instantaneously; in the first place there may be costs of changing employment levels associated with hiring new workers or firing existing employees Sargent (1978) . Other explanations stress firm specific skills which depend on past employment. Institutional factors that explicitly restrict firing may also be important. To incorporate these ideas explicitly, we take a simple representation of dynamic labour demand subject to adjustment costs,
where the persistence of employment depends positively on the parameter ). (γ What is evident is that if this equation is now included in the model, we may, after substituting into (12), rewrite that equation as dependent upon N -2 , i.e.
where the function (.) g′ differs from g(.) due to γ and 1 γ in (17). Working through a similar set of steps to those used previously, we get the revised linearised model, 
The point is that by adding the additional source of dynamics given by equation (17), we end up with a higher order autoregression in unemployment -it is now AR(3) instead of AR(2) -with a change to the parameters affecting the model's long run solution also, but not the variables determining it. (i.e. Z remains the same, due to the simplifying assumption made in (19) that there are no additional exogenous variables affecting employment).
We could clearly extend this further, but at the risk that the analysis then becomes intractable, and in any event, the general point has been made. That is, present literature on adjustment dynamics point to a dynamic model for unemployment of an order up to three. As we will argue next, this is by no means the end of the matter. Capital constraints on employment enrich the dynamics further, so even higher order dynamics can be involved. We do not attempt an explicit derivation, that would in any event not be useful since, as will be clear in the empirical section, we decide the order of the dynamics in the model empirically. But before leaving this section, we may note an important extra source of persistence produced by the presence of a capital constraint on employment, and its likely implications for the empirical analysis we report later.
Thus, if factor substitution is limited in the short run (i.e. if the demand for labour schedule is steeper in the short run) then the rate of capital accumulation is also going to be an important source of persistence, Allen (1997) Hall and Nixon (1998) . Consider for example the dynamics labour demand shown in ' Fig. 1 ' (due to Alogoskoufis and Manning (op.cit) ). The initial equilibrium is at A with unemployment U*. When the economy is perturbed by a deflationary shock which lowers the demand for labour -an oil price shock for example -in the absence of further shocks, next periods equilibrium will be at B, at the intersection of the new short run demand for labour with the wage setting schedule. Over time, however, the firm is able to exploit substitution possibilities (substituting away from fuels) , accumulating new more fuel efficient capital. The short run demand curve will therefore shift back to the left, unemployment gradually falls and equilibrium is restored on the firm's long run demand curve. In this way, capital accumulation is seen as another important source of unemployment persistence. Although, as already said, we will not attempt to provide an analytical solution to the model which includes this case, one observation on it is relevant to our later discussion. It is that under a general set of assumptions about technology, the equilibrium solution for unemployment (U*) will depend upon the real interest rate. In a structural supply side model, where the elasticity of substitution between capital and labour is not assumed constant, Hall and Nixon (1998) show that a change in the real interest rate changes the long run value of unemployment. Phelps (1994) has also suggested the real interest rate as a possible determinant of equilibrium unemployment but in his model the transmission mechanism stems from consumer optimisation over time. Either argument could be applicable to our reduced form equation, and in the light of this we will include the real interest rate in the set of possible determinants of Z in our empirical tests later.
Empirical analysis
In this section empirical examples of the principal alternatives reviewed in section 3 are tested. To summarise our earlier point, we are interested in the representation of unemployment as a highly persistent stationary variable which has been hit by long lasting but nonetheless transient shocks to some of the variables which drive it, contrasting this with the more conventional representation that it is non-stationary, and its behaviour is explained by a number (in some cases, a large number) of weakly exogenous I(1) variables. The implications of the latter is that the equilibrium rate of unemployment has changed substantially over the last twenty years. In contrast, the implication of the former is that the equilibrium rate has changed much less, and then temporarily.
The models tested here can naturally only be a limited set, but are selected to confront the main issue of the representation of unemployment as a stationary but highly persistent variable, against the alternative representation based on a changing equilibrium unemployment rate. The focus is on a set of contending explanatory variables which include labour supply variables, (unemployment benefits, measures of union power), indices of industrial and skill mismatch, tax wedges, the terms of trade, real oil prices and real interest rates. The applications relate to recent models such as that proposed in Nickell (1998), Nickell and Bell (1995) and -for the US case -the model of Carruth et al (op.cit) . Finally, and importantly, the set of variables include I(1), some I(0), and -we will argue later -Mean Shifting I(0) variables.
We noted in section 2 that dynamic autoregressions can be reparameterised using a number of transformations, the most familiar being the ECM form. In what follows the main emphasis is on estimated ARDL models. To establish a general notation for the alternative empirical results we discuss later, consider the general autoregressive distributed lag ARDL (p, q) model x are all I(1), but not cointegrated between themselves, requires that the i x variables are weakly exogenous and u t is as postulated. For the case where the x variables are not weakly exogenous, then a form of GLS correction may be applied to ensure consistency (See Pesaran, and Shin (1996) . 6 Other well known methods exist for dealing with this latter problem if a two stage EngleGranger, or Johansen method of estimating the cointegrating relationship is used, including the Phillips-Hansen fully modified procedure (Phillips and Hansen (1990) ). These estimation issues are taken up in the examples we describe later.
Next, we proceed to the empirical analysis proper. This first discusses univariate time series properties of the data, to establish likely orders of integration In this section, we present the case for treating unemployment as a variable which has undergone mean shifts, and from this we suggest there is a case for treating it as I(0) with mean shifts. Following this in section 4.3, a set of alternative dynamic models of unemployment are estimated, based on the parsimonious model using just real oil prices, the terms of trade and real interest rates on one hand, to the richer specification using seven driving variables as suggested by Nickell (1998) on the other. These models initially use four lags on each variable ((p,q)= (4,4)), and data based methods are used to derive well determined versions of these. The results suggest that the more elaborate model is not needed: in hybrid models, all the variables except the real oil price, terms of trade and real interest rates can be eliminated. The resulting model implies long responses in unemployment to change in these driving variables. At this stage, the models are of the basic ARDL form. The next subsection then reconsiders the examples already discussed, but now estimates their long run behaviour. To do this, information criteria are first used to establish lag lengths. These imply very simple lags on regressor variables, and two or four lags in the autoregression for unemployment. The parsimonious model in ECM form gives a very slow adjustment to equilibrium, consistently with the earlier results. It also appears parameter stable over different sample periods. The model using seven regressor variables, appears misspecified over the full sample: only the terms of trade and the wedge variables apparently being significant. There is apparently also an issue of simultaneity with some of the seven variables, so that both the economic interpretation of this equation and the consistency of its estimation are questionable. A simpler -data preferredversion is obtained, but this appears structurally unstable over a shorter data sample, underlining the misspecification problems with this model. We conclude that a parsimonious 6 Where the i x are all I(0) and exogenous, consistent estimation of (20) is straightforward. model, with limited determinants of unemployment appears preferred in the alternatives we review. These determinants include temporary mean shifting variables -the clearest example is the real oil price -and the dynamics imply very slow responses in unemployment.
Orders of integration
As is evident from " Figure 2" , the unemployment rate appears non stationary. Some of the other variables we have selected are either I(0), mean shifting I(0) stationary variables or appear I(1). The next step is to formalise some of these statements, by tests of integration, before going on to modelling unemployment itself. Table 1 gives the relevant tests. Samples are 1966Q1 -1996Q4 for the upper table and 1962Q1 -1992Q4 for the lower one. These two samples are used to cover the example recently reported in Nickell (1998) . Each equation uses a deterministic time trend. The ADF is for lag length 4. The critical value for the tests is -3.45 at the 95% level.
Variables used in this exercise are the unemployment rate (U), the logged unemployment rate (ln(U), two measures of union effects; union density (UDEN) and a measure of union power (U p ), real unemployment benefits (UB), the replacement ratio (RR), two measures of the terms of trade (TOT) and (TOT2), the real oil price (RPOILP), the real interest rate (RIR), industrial turbulence (IT), skill mis-match (Skill), and the tax wedge (WEDGE).
This choice is dictated by our desire to include the main variables used in studies of this form. Thus we incorporate a number of supply side variables like social security terms, and here we experiment with two: real unemployment benefits and the replacement ratio. There are many examples using either, too numerous to cite. Further supply side variables include union strength and again we experiment with two: density and an index of union power (Nickell and Bell (op.cit) ) -industrial turbulence, and skill mismatch (Nickell (op.cit)), and LNJ (op.cit)), and the real oil price (Carruth et al (op.cit) ). Other variables which have figured in the literature include the terms of trade -yet again we try two, the ratio of export to import prices TOT, and the ratio of import to the GDP deflator TOT2 (Nickell and Bell) -the tax wedge and the real interest rate (Phelps (1994) ). Finally, we use two measures of the rate unemployment -the rate and its log -to cover recent examples (See Nickell (1998) ).
The Table reports orthodox Dickey-Fuller tests, and show that the hypothesis that the level of the variable is I(0) can be rejected in all cases, except for the real interest rate (RIR), real unemployment benefits (UB), industrial turbulence (IT) and skill mismatch (Skill) where the ADF statistic in these cases indicate that the variable could be I(0). For our purposes, interest centres on the orders of integration for unemployment (both the rate U, and the log rate ln(U)), the real oil price (RPOILP) and the Terms of Trade (TT) so we discuss these next.
As will be familiar from the debate on a unit root in US GNP, results on tests for unit roots depend on the presence of breaks in the series concerned. In the present case, the real oil price and terms of trade appear to be examples of such breaks. (The unemployment rate, as we discuss later, is somewhat more complicated). Thus, the real oil price jumps in 1974, with a further, smaller increase in 1979, and then falls dramatically in 1985 and oscillates around that level thereafter. It thus appears to fall in the category of variables described in equation (4), with a step change over an interval, in the present case, for about 11 years (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) . The terms of trade behave differently, with a large worsening as oil prices rose in 1974 (the UK was then a substantial oil importer), which is gradually eliminated over the rest of the 70s. To investigate orders of integration when there are structural breaks, we use dummy shift (0,1) variables for the oil price and the terms of trade for the periods just identified. (This is an ad-hoc procedure. More elaborate sequential methods for identifying structural breaks are given in Banerjee and Urga (1998) ). Test's for the presence of unit roots in the transformed variables are shown in Table 2 below.
We include a transformed unemployment rate to assess the robustness of our findings, and these enable us to apply standard tests of inference. To overcome the problems of applying these tests to bounded variables we use a logistic transformation of the unemployment rate, given by
where U t is the unemployment rate. As the transformed variable t Ũ is bounded between ∞ ± the error process may be assumed to be conditionally Gaussian, so standard tests of inference apply. (Wallis (1987) ). Including shift dummies which cover the period 1974-79, suggest that the real oil price and terms of trade are I(0) MS variables: the mean shift for the oil price being approximately a once-for-all increase over the period 1974-85, whereas for the terms of trade it is a sharp fall in 1974, which is then gradually and steadily recovered.
Although the Dickey Fuller tests do not reject non stationarity for the transformed unemployment variable (this is a finding in keeping with that for the raw, untransformed, unemployment rate), the fourth equation does. In this version, unemployment appears as a mean shift (MS) stationary variable, where its mean is affected by the real oil price and terms of trade, themselves subject to temporary but long lasting shocks (as already shown) after a lag. If these effects are allowed for, then unemployment appears stationary in samples such as those used here. Table 2 gives support for the view that unemployment may be a stationary variable affected by temporary mean shifting variables. This presents a case for treating U t as MS I(0), although this is not a formal test of the series being near to, but not exactly, a unit root one. But armed with this finding, we next proceed to build on it by estimating dynamic models of unemployment. For this we return to the reduced form models of unemployment suggested by our discussion in section 3. In these, unemployment is estimated as an ARDL with the set of weakly exogenous variables from Table 1 , including those already used in Table 2 , which bring about transitory shifts in its mean rate.
Dynamic models of unemployment
This section then estimates models for unemployment using an ARDL formulation, given in general terms by equation (20) above. As we discussed earlier, it is straightforward to reparameterise this into an ECM model, with its equilibrium form made explicit and we illustrate this later. Before moving to estimation, however, recall that equation (20) either has weakly exogenous, or lagged regressor variables. Where this is not true, the equation is no longer a reduced form equation and as already noted, estimation by OLS leads to inconsistent parameter estimates (Nickell (1998) is an example of this). Accordingly, in what follows we estimate dynamic equations where all regressor variables are lagged. Section 4.4 below discusses the issue of the weak exogeneity status of some of the variables involved in these tests. Table 3 reports on dynamic model estimates for unemployment. As already noted in section 3, a number of dynamic theories can be adduced which point to unemployment following a relatively high order AR process. How high is this autoregression? Here, we decide this empirically. (More formal tests to be given in section 4.4). In a general to specific search, an autoregression of order four -AR(4) -was found to be preferred. Thus, columns, 1-4 give results based on linear (p,q) = (4,4) models for t Ũ , and ln U. In each case, the (p,q) = (4,4) specification is refined to provide the best fitting model, and improve on efficiency of the estimates. The first equation starts with a total of 5 weakly exogenous variables in the model; real oil prices (RPOIL), the terms of trade (TOT), real interest rates (RIR) unemployment benefits (UB), and union density (UDEN). The last two variables are suggested by the discussion in section 3.1 and 3.2 above, and have in any event figured heavily in discussions on the determinants of UK unemployment. Column 1 then shows a parsimonious form, arrived at by eliminating insignificant variables such as UDEN and UB, and all insignificant lags on the remaining variables. The tests of the general form of the model with lags up to four showed that the supply side variables UB and UDEN can be omitted from the model, contradicting, e.g. the suggestion by Bean and Layard (1988) . Tests of the exclusion of UB (lag 1 to 4) and UDEN (lag 2 to 4 i.e. all lags except the first) support this. Variable deletion tests give LM (4) = 9.76 when deleting all values of UB. In turn, dropping all lagged values of unionisation except the first gave LR (7) = 13.65, again supporting the exclusion of all these variables from the model. Keeping in the remaining significant term in unionisation (UDEN(-1)) , showed it having a negative coefficient (t value 3.85), so does not accord with a priori judgement, hence we dropped this too.
Equation 1 can thus be taken as a reasonable representation. In it, the mean unemployment rate undergoes shifts due to the presence of the oil price and terms of trade variable, as already established. Further, we find a significant effect for the real interest rate, although it is apparently of a rate of change form according to the estimates shown in Table 3 . Finally, the model appears highly persistent, with a largest root of 0.96, and a half life of responses to shocks of the order of 25 quarters.
Turning to the other examples in the table, these are based on the model reported in Nickell (1998) , together with mixtures of that model with that reported in column 1. Columns 2 and 3 give parsimonious forms of the original Nickell model, which uses 4 lags on each of the seven regressor variables; industrial turbulence (IT), the replacement ratio (RR), a measure of the terms of trade (TOT2), skills mismatch (SKILLS), union power (Up), the wedge (WEDGE) and real interest rate (RIR). In the original ARDL, all lagged variables except lagged unemployment appear insignificant. However, by simplifying the dynamics, we obtain more precise estimates. Thus, column 2 uses the logistic transformation of the unemployment rate ), (U and an AR(2) model, with terms of trade lagged three quarters, the real interest rate (lagged 2 and 3 quarters), the wedge (lagged 2 quarters) and -marginally -industrial turbulence after one lag, appear significant determinants of (the logistic transform of) unemployment. A similar estimate of the largest root in the model to that in column 1, shows this at 0.95. Column 3 reports the same exercise, but now using the log of the unemployment rate. Some differences emerge compared with column 2. There appears evidence for a level effect from the real interest rate on this measure of unemployment, industrial turbulence disappears, but apparently the replacement ratio (RR) now matters. The parameters on RR appear equal and offsetting suggesting there is no overall effect from this variable. (A Wald test confirms they are offsetting )).
Accordingly, column 4 reports on a databased simplification of a hybird model, which introduces the real oil price into the set of variables used in column 3. A similar reduction of the dynamics of the model yields the example shown, which now results in a significant effect from oil prices, but the wedge drops out compared with the results in column 3. Up to four lags on unemployment again seem called for in this version. 7 The model is very similar to that reported in column one: the small differences in parameters are due to differences in definition used (the use of the log of unemployment rather than its logistic transformation and the alternative measure of the terms of trade). All examples show that unemployment appears a persistent process, shifted by a limited number of driving variables. Although there must be uncertainty about precisely what these are, on the basis of the present study, they appear to be real oil prices, the terms of trade and real interest rates. The examples do not fully determine whether it is changes in real interest rates, or the rates themselves which matter. There is also some evidence that the tax wedge may have some effect, but this does not appear to be a robust result.
Next, we comment briefly on the long run implications from these examples.
Long run behaviour
In this section, we do two further tests on these models. First we apply a more formal test due to Pesaran-Shin of the order of the dynamics in the ARDL, in order to derive asymptotically valid estimates of its long run. (See Pesaran and Shin (1995) ). This first tests for lag order, using three information criteria (Schwarz-Bayesian, Hannen -Quinn and AIC, see Pesaran and Pesaran (1997) ). Based on the choice of these lags, the asymptotic long run coefficients and their standard errors can be estimated. Table 4 shows the results for some of the models discussed so far. (These use the Schwarz-Bayesian criteria, which Pesaran and Shin found the most reliable). 
1967Q1-1987Q4
These results suggest that a lag on unemployment of order 2 coupled with simple dynamics in the driving variables is required. The first two equations give the version we derived earlier in Table 3 , estimated over the original sample 1967Q1-1992Q4, while the second gives it estimated over the shorter sample ending in 1987Q4. The column α is the loading factor estimate, and is small for this result, indicating that adjustment to this long run equilibrium is slow -much as established for the slightly different specification in Table 3 . Thus in the first equation, 005 . 0 = α and in the second 0.009 implying that it takes some between 12.5-25 years to move half way to equilibrium in this model. Comparing the two equations, the parameters appear fairly stable, as also appeared the case for the result for this model reported in Table 3 . The second example is a reformulation of the model described in Nickell (1998) . The use of prior information tests on the order of lags selects a second order lag on log unemployment with single lags on the regressor variables. Some of these appear redundant, with only the terms of trade (TOT2), and the tax wedge (WEDGE) significant at conventional levels. (See the third equation). As the skill and union power variables (Skill, Up) are significant at the [ ] percent level, the last two equations shows the estimates for a version based on these four regressors. The fourth equation shows the full sample, fifth the shorter sample, and confirms the earlier implicit evidence in Table 3 that the model is not parameter stable.
Finally, we return to the question of the interpretation of the long run models discussed above, and the weak exogeneity status of the variables concerned. In the conditional and marginal models (1) and (3) earlier, the X variables need to be weakly exogenous. If the ARDL uses current values of regressors, and these are not weakly exogenous, then estimation (i.e. lack of consistency) and interpretation (i.e. causality) problems follow. To investigate this, we apply a Johnansen cointegration procedure to two models, that given in Nickell (op.cit) where this problem appears evident and the parsimonious model based on oil prices, the terms of trade and the real interest rate discussed in Tables 3 and 4 .
First, the set of unemployment plus seven driving variables used in Nickell clearly show cointegration. The Likelihood Ratio test for one cv is 90.6 (52.1) and 269.2 (166.1) on the eigenvalue and trace test respectively (figures in parenthesis are the 95% cut off values).
8 For variables in the marginal model (3) above to be treated as weakly exogenous, we require that the cv not enter as a determinant of these variables. Testing shows the requirement does not hold for the terms of trade variable (TOT2), mismatch (MM) and real interest rates (this is also incorrectly signed). The model based on oil prices, the terms of trade (TOT) and real interest rates, also cointegrates (43.2 (31.7) and 72.6 (63.0) for the two tests), and the regressors all appear weakly exogenous according to this test. The results are shown in the bottom half of the table. Recall that these tests refer to specific models, so weak exogeneity refers to weak exogeneity with respect to parameters of interest, which depend on model specification. There is no anomaly therefore in real interests not being weakly exogenous in the first model of the table, but appearing to be weakly exogenous in the second.
Conclusions
In this paper we have illustrated the case for treating unemployment as adjusting very slowly to an equilibrium which has changed temporarily due to major exogenous shocks to oil prices, the terms of trade, and real oil prices. Our estimates of the resulting persistence in unemployment suggest a half life in the response time of between 6 to 12 years. We have compared this to a model which uses a large set of driving variables to account for unemployment, but on the basis of the comparison reported here, the more parsimoniousand more persistent -version appears preferable on a range of econometric tests.
Although the focus of the present paper is a narrow one, with emphasis on time-series behaviour of unemployment and its determinants, there are important practical and policy implications from this exercise. Thus, the most important conclusion is that to account for unemployment over the last three decades, we do not need to use a large set of variables. Unemployment appears to have been shifted by several substantial but transitory shocks, and has then recovered very slowly, for reasons which are generally familiar such as insider behaviour, employment adjustment lags and capital constraints on employment. Active policies -particularly those on the supply side -to restore low levels of unemployment, appear to be inappropriate.
Further work is clearly called for. Among our immediate objectives the extension of dynamic model to a fractionally integrated model, which provides a more refined estimate of persistence, is the next step. TOT2 sln(Pm/P*) where s is the import share, Pm the import price index and P* the world price of world manufacturing exports (in sterling).
